Dendritic cells (DC) are antigen-presenting cells found in both lymphoid and nonlymphoid organs, including the brain (bDC) of Cd11c/eyfp transgenic C57BL/6 mice. Using an intranasal vesicular stomatitis virus infection, we demonstrated that EYFP + cells amass in areas associated with viral antigens, take on an activated morphology, and project their processes into infected neuronal tissue within the olfactory bulb. These bDC separated into three EYFP + CD45 + CD11b + populations, all but one being able to functionally promote both T lymphocyte proliferation and T H 1 cytokine production. One population was shown to emanate from the brain and a second population was peripherally derived. The third population was of indeterminate origin, being both radiosensitive and not replenished by donor bone marrow. Finally, each EYFP + population contained CD11b + CD103 + subpopulations and could be distinguished in terms of CD115, Gr-1, and Ly-6C expression, highlighting mucosal and monocyte-derived DC lineages.
Dendritic cells (DC) are antigen-presenting cells found in both lymphoid and nonlymphoid organs, including the brain (bDC) of Cd11c/eyfp transgenic C57BL/6 mice. Using an intranasal vesicular stomatitis virus infection, we demonstrated that EYFP + cells amass in areas associated with viral antigens, take on an activated morphology, and project their processes into infected neuronal tissue within the olfactory bulb. These bDC separated into three EYFP + CD45 + CD11b + populations, all but one being able to functionally promote both T lymphocyte proliferation and T H 1 cytokine production. One population was shown to emanate from the brain and a second population was peripherally derived. The third population was of indeterminate origin, being both radiosensitive and not replenished by donor bone marrow. Finally, each EYFP + population contained CD11b + CD103 + subpopulations and could be distinguished in terms of CD115, Gr-1, and Ly-6C expression, highlighting mucosal and monocyte-derived DC lineages.
antigen presentation | neuroinflammation D endritic cells (DC) are immune cells specialized in antigen capture, processing, and presentation to T lymphocytes for the induction of adaptive immunity (1) or tolerance (2, 3) . Since their initial identification (4) and characterization (5, 6) , DC are now recognized to represent a heterogeneous group consisting of many distinct subpopulations identifiable by a diverse array of cell-surface markers and functions (7, 8) . DC subpopulations are found in both lymphoid and nonlymphoid tissue, such as the dermis, intestine, liver, lungs, kidneys, and the heart (9) (10) (11) (12) . Some examples of this phenotypic heterogeneity include: plasmacytoid DC, the primary function of which is the production of type I interferons (13) ; the CD8 + DEC205 + DC in the spleen, which are involved in cross-presentation of antigen to cytotoxic T lymphocytes; and CD103 + CD11b + DC in the intestine, which migrate to draining lymph nodes in a CCR7-dependent manner and promote the proliferation of regulatory T cells (T reg ) (14) (15) (16) .
DC are also found within the brain (bDC) and meninges of the Itgax (Cd11c)/eyfp transgenic (Tg) mouse (17, 18) . In the steady state, bDC are found within discrete regions of the CNS (17) . Furthermore, bDC have been shown to respond to physical trauma and intracranial treatment with the proinflammatory cytokine IFN-γ (19, 20) . Given the ability of bDC to present antigen ex vivo after stimulus with IFN-γ, and their association with blood brain barrier (BBB) compromised or deficient anatomical regions of the CNS [e.g., the olfactory bulb (OB) and circumventricular organs], bDC appear to possess the CNS antigen presenting cell function first attributed to bone marrowderived perivascular microglia by Hickey and Kimura (21) . To further elucidate in vivo bDC function, we capitalized on a naturally occurring infectious route to the brain, namely CNS access via olfactory nerves within the nasal epithelia.
Using vesicular stomatitis virus (VSV) to elicit an encephalitic state after intranasal administration (22) , we sought to better understand the bDC response to an acute infection via phenotypic and functional characterization. VSV is a member of the Rhabdoviridae viral family, most notably characterized by its enveloped bullet-shaped virion, negative sense single-stranded RNA genome, and high sensitivity to IFN-elicited immune responses (23) . Many VSV attributes, including host range, natural reservoirs, endemic regions, and infectious cycle are well known. One characteristic in particular, the polarized nature of VSV virion budding, is the basis for the intranasal VSV infection model used here-and by many others-to study virally induced encephalitis in the mouse (24, 25) . VSV is capable of accessing the CNS via olfactory nerve cells that span the cribriform plate; this, and its neuro-invasive pathology, make it amenable to studying proinflammatory responses within the brain (26, 27) .
In this work we found that VSV infection of Cd11c/eyfp Tg mice results in anatomical changes in CD11c + cell distribution and morphology relative to regions associated with viral antigen expression. Flow cytometric analysis reveals the presence of unique CD45 + , CD11b + , and CD11c + cell populations within the VSVinfected OB, each with its own distinct phenotype. Functional analysis of these populations demonstrates the ability of some to process and present antigen to T lymphocytes on par with splenic conventional DC (cDC). Finally, we explore the origin and lineage of these unique bDC populations within the context of viral infection using radiation chimeras, EdU-labeling, and phenotyping. These data revealed the presence of CD103 + CD11b + doublepositive cells similar to those found in mucosal DC subsets of the intestinal lamina propria and the basal lamina of the bronchial epithelium (10, 14) , as well as a population of radio-sensitive, bone marrow-independent cells resembling monocyte-derived DC.
Results
Cd11c/eyfp-Expressing Cells Respond to Early Stages of Acute VSV Infection Within the OB. To investigate how CD11c-expressing cells respond to an infection caused by a pathogen's ability to circumvent the BBB, we intranasally infected Cd11c/eyfp Tg mice with VSV. Three cohorts of 12 mice received a LD 50 of VSV, UV-inactivated VSV, or vehicle control. Mice were killed following 24, 48, 72, and 96 h postinfection (hpi), and 60-μm OB sections were processed for immunofluorescence staining with an anti-VSV antiserum. Over the first 24 hpi, we observed VSV antigen within the olfactory nerve layer with no apparent change in the EYFP + distribution pattern, relative to naive mice (Fig.  S1A) . By 48 hpi, the VSV infection had progressed through the olfactory nerve and penetrated the glomerular layer, again with little change in EYFP + cell distribution. However, by 72 hpi, EYFP + cells were found in abundance throughout VSV-infected areas and continued to increase after 96 hpi. This accumulation of EYFP + cells was only observed with viable VSV and was not reproduced with either UV-inactivated virus or vehicle controls at any time point postinfection (Fig. S1B ). These data indicate that a putative bDC response was solely attributable to an active VSV infection rather than from irritation caused by inhalation of liquid or innate immune responses within infected neurons triggered by pathogen-associated molecular patterns. Furthermore, CD11c + cells that accumulated within these VSV-infected regions exhibited an activated morphology signified by stout cell bodies with stunted processes (28) , unlike the thin, delicately branched processes associated with bDC in unchallenged mice (Fig. S2) . Closer examination revealed that CD11c + cells clustered around VSV-infected neurons within glomeruli (Fig. 1A) , and projected their processes into neuropil-expressing VSV antigens (Fig. 1B) . This phenomenon was reminiscent of the hallmark probing behavior attributed to both brain resident microglia (MG) and peripheral DC subsets (4, 29, 30) .
To correlate the putative bDC response to MG, changes in MG distribution were analyzed in response to the VSV infection. In previously published work, MG were discriminated from putative bDC in the Cd11c/eyfp Tg mouse, primarily based on EYFP expression in conjunction with either an Iba1 + or F4/80 + phenotype (17) . Using this definition, the vast majority of EYFP neg Iba1 + cells showed no distributive differences between areas proximal and distal to the infection relative to vehicle control groups (Fig. S3) (P value P1vsP2 < 0.001) (Fig. 2B ) and P3 (P value P1vsP3 < 0.0001), and P3 had the least number of EYFP + cells (P value ANOVA < 0.0001). In summary, most EYFP + cells within the VSV-infected OB at 96 hpi fall within the P1 population.
Next, the ability of the three EYFP + populations to function as antigen-presenting cells was examined using a recombinant version of VSV (rVSV-OVA) able to transduce ovalbumin (OVA) expression in the cells it infects (36) . rVSV-OVA was used to induce the robust increases in EYFP + cells observed in wild-type VSV infections, while simultaneously priming those cells in vivo with OVA. This rVSV-OVA infection model was substantiated by (i) confocal micrographs demonstrating colocalization of OVA and VSV antigens within infected glomeruli (Fig.  3A) , and (ii) flow cytometry analysis that revealed an increase in EYFP + bDC levels in the OB, which resolved into the three populations identified during wild-type VSV infections (Fig. 3B) .
Using CD45, CD11b, and EYFP as markers, cells from P1, P2, and P3 were then isolated by FACS at 96 hpi from rVSV-OVA intranasally infected OB, along with MG (identified as CD45 int CD11b hi EYFP neg ). As controls, splenic cDC (B220 neg EYFP hi ) were also isolated from both steady state and rVSV-OVA intraperitoneally infected Cd11c/eyfp Tg mice. Sorted P2 and P3 bDC, as well as splenic cDC from infected mice, were capable of directly stimulating CD8α OT-I, but not CD4 OT-II, T-cell proliferation (Fig. 3C ). The magnitude of the observed proliferation was consistent with both the small percentage of OT-I and OT-II epitopes present within the OVA primary sequence (SIINFEKL ∼2% and ISQAVHAAHAEINEAGR ∼4% of total OVA amino acids, respectively) and the low levels of OVA mRNA produced by the VSV RNA-dependent RNA polymerase, given the genes position in the recombinant viral genome (37) . P1 and MG from rVSV-OVA infected OB, as well as splenic cDC from uninfected mice, were unable to stimulate OT T-cell proliferation without further antigen supplementation. In summary, these data illustrate ongoing in vivo processing of OVA antigens by P2, P3, and cDC controls, but not P1 and MG, as illustrated by their ability to facilitate OVA specific T-cell proliferation.
When the EYFP + populations were supplemented with excess OVA or the appropriate OT peptide significant proliferation of OT T cells was observed, in some cases out-performing splenic cDC populations. However, in all antigen-presentation assays, MG were unable to present OVA, OT-I or OT-II peptide antigens to their respective OT T cells (Fig. 3 D and E) . Similarly, P1 cells were unable to process and present OVA or OT-II peptide; however, they were able to facilitate CD8α OT-I T-cell proliferation with the SIINFEKL peptide, albeit at very low levels.
In stark contrast, both P2 and P3 populations were effectively able to present supplemented peptide antigens and OVA ex vivo to OT T cells. In most cases, the P3 population induced a more robust proliferation than that observed with steady state or rVSV-OVA cDC controls (Fig. 3 D and E) . This higher functional ability most likely arose from greater levels of phenotypically mature DC found within the intranasally infected OB than spleens from intraperitoneally infected mice, because the spleen primarily monitors the blood and is not likely to be the draining lymphoid organ for infections of the peritoneal cavity.
Finally, cytokine profiles were analyzed from proliferating CD4 + OT-II T cells induced during antigen presentation assays (Fig. S5) . Both P2 and P3 populations promoted a proinflammatory helper T-cell (T H 1) biased CD4 T lymphocyte response characterized by elevated levels of IL-2, IFN-γ, and TNF, similar to both splenic cDC populations. MG and the P1 population, however, had undetectable levels of both pro-and anti-inflammatory cytokines, which was consistent with the lack of CD4 + T-cell proliferation elicited by those cells. In summary, P2 and P3, much like their cDC counterparts, were effectively able to orchestrate both OVA-specific cytotoxic and T H 1-mediated responses after in vitro supplementation with OVA or its peptides. Conversely, P1 and MG did not participate in establishing such antiviral related responses, although P1 did show a mild ability to induce cytotoxic effector cells. Origin of VSV-Induced bDC Populations. Radiation chimeras were used to ascertain the origin of EYFP + cell populations that respond to acute VSV infection. After verifying chimerism by analyzing CD45.1 + and CD45.2 + leukocytes in the blood, CD11b + cells within the OB were assessed for surface CD45.1 + or CD45.2 + expression. In lethally irradiated Cd45.1 genetically engineered host mice replenished with Cd11c/eyfp (CD45.2) Tg bone marrow, radio-resistant cells were identified at 96 hpi that resembled the P1 population in that they were CD45.1 int CD11b hi (Fig. 4A) . Furthermore, a second population was identified that expressed the CD45.2 hi CD11b hi donor phenotype and resembled P2. These observations were verified by EYFP fluorescence because the population resembling P1 was found to be EYFP neg , but the population similar to P2 was EYFP + (Fig. 4D ). These data were also anatomically corroborated in the VSV-infected chimeric OB, because EYFP + cells were present in low numbers only at the site of acute viral infection (Fig. S6A) . These data were recapitulated in reciprocally chimeric mice: that is, lethally irradiated Cd11c/eyfp (CD45.2) Tg host mice replenished with Cd45.1 genetically engineered bone marrow. In short, the P1 population was CD45.2 int CD11b hi , radio-resistant and EYFP + , and a second population resembling P2 originated from CD45.1 hi CD11b hi donor bone marrow and was EYFP neg (Fig. 4 B and D) . These observations were anatomically represented by the high accumulation of EYFP + cells typically seen virally infected, nonirradiated Cd11c/eyfp (CD45.2) Tg mice (Fig. S6B) . Taken together, these data suggest that P1 are radio-resistant and represent a resident population within the brain, and P2 are derived from bone marrow progenitors.
Unexpectedly, no population resembling P3 was associated with CD45.1 + or CD45.2 + leukocytes in either chimeric model, even though all three populations were observed in a control infection of Cd11c/eyfp Tg mice (Fig. 4C) . Consequently, the source for P3 is ambiguous at this point and its absence could be indicative of (i) a radiosensitive population that is not replenished by bone marrow progenitor cells within the time constraints of our viral infection model (i.e., mice are optimally susceptible to VSV infection between 5 and 7 wk of age, allowing only 4 wk for chimerism), or (ii) a confound of the irradiation model. Given that the chimera data supports P1 cells as part of the brain parenchyma, the question still remains as to how these EYFP + cells go from very low numbers in the steady-state OB to such high levels between 72 and 96 hpi of acute VSV infection. To address this question, EdU-labeled proliferation was assessed in Cd11c/eyfp Tg mice intranasally infected with VSV (LD 50 ) or vehicle alone. After 96 hpi, there was an 71.7% increase in EdU + cells found within the VSV-infected OB, relative to HBSS controls (Fig. S7A) . However, none of the three identified EYFP + CD45 + CD11b + populations had incorporated EdU (Fig.  S7B) ; this was interesting considering P1 comprised the largest proportion of EYFP + cells responding to the VSV infection.
Lineage of VSV-Induced bDC Populations. In an effort to better understand the lineage associated with all three EYFP + populations, these cells were separately phenotyped in nonirradiated mice by flow cytometry using cellular markers commonly associated with DC subsets, as well as other immunological cells. As controls, MG isolated from VSV-infected OB were characterized along with cDC (TCRβ neg , CD19 neg , NK1.1 neg , and EYFP hi ) from the spleen of VSV-infected mice ( Fig. 5A and summarized in Table S1 ). As expected, all three EYFP + populations were 
(B) Analysis of the differences in each CD45
+ and CD11b + population shows that the P1 population represents the majority of EYFP + cells; the P2 and P3 populations were less abundant. The EYFP + cell numbers found within the P1 population are nearly double those in the P2 and P3 populations combined. Data representative of three separate experiments with n = 3; error bars represent SEM. ***P < 0.001 positive for CD11c and MHC I, although P1 cells expressed the lowest levels of CD11c relative to all other EYFP + populations. All three EYFP + populations also contained CD103 + cells, with P3 possessing the least; MG were mostly CD103 low cells. Additionally, all populations were found mostly negative for CD8α and DEC-205, with the exception being a very small P3 subpopulation, and all populations were found negative for CD4 and Siglec H. In summary, the three EYFP + populations were distinguishable from MG based on CD11c and CD103 expression, and from cDC subsets in the spleen associated with crosspresentation (i.e., CD8α + and DEC-205 + ). Further differences between EYFP + populations were evident when examining MHC II and the expression patterns of the costimulatory molecules. First, P1 cells were found to be MHC II neg , and a majority of the P2 and P3 populations contained MHC II + cells. Second, P1 and MG expressed low levels of the costimulatory molecules CD40 and CD80, and moderate levels of CD86, but these markers were found at relatively higher levels within P2 and P3. These results were consistent with P2 and P3 representing mature DC subsets capable of antigen presentation.
In addition to differences in the expression of DC maturation markers, there were noted differences in the markers used to classify DC lineage. Both P1 and P2 populations contained macrophage colony-stimulating factor receptor (CD115)-positive and F4/80 + cells, but P3 cells were both CD115 neg and F4/80 low . In terms of Ly-6C surface expression, unlike the P1 population, which was Ly-6C neg , all of P2 and a majority of P3 cells were identified as Ly-6C + . Interestingly, the P3 population also contained cells positive for NK1.1, CD49b, CD122, and CD45R, phenotypes reminiscent of NK cells and a unique IFN-producing killer DC found within both lymph nodes and spleen (38, 39) . Finally, using a clone capable of discriminating Ly-6G (Gr-1) from Ly-6C, P2 was the only population found to be Gr-1 + . Subsequent phenotypic analysis using CD103, MHC II, Gr-1, and Ly-6C, as depicted in Fig. 5 B and C, revealed the three EYFP + cell populations could be further divided into CD103 + and CD103 neg subpopulations. P1 was composed of 45.3% ± 7.5% CD103 + cells that were MHC II, Gr-1, and Ly-6C-negative. However, unlike P1 EYFP + cells, a majority of P2 was composed of CD103 + cells (62.8% ± 2.0%) that were also MHC II + and Ly-6C + (45.0% ± 9.5%) with Gr-1 + cells associated with 31.7% ± 4.5% of the CD103 + MHC II + Ly-6C + population. Finally, P3 EYFP + cells were predominantly CD103 neg (85.0% ± 0.1%) cells that were also MHC II + and Ly-6C + (45.5% ± 4.5%).
Discussion
Using intranasal VSV infection we show that bDC, normally positioned near sites associated with olfactory nerve entry into the steady-state OB, amass in great numbers and surround infected neuronal tissue. Furthermore, we were able to discriminate three phenotypically and functionally distinct EYFP + cell populations from the phenotype commonly associated with MG, two of which with potentially different lineage associations. Because the pathology associated with intranasal VSV, in terms of viral progression and leukocyte recruitment, is well established (25) (26) (27) 40) , we chose to examine a time point (96 hpi) where the greatest accumulation of bDC coincided with the ability to analyze their early contributions toward afferent immune responses before breakdown of the BBB. Our data not only depicts an increase of bDC within VSV-infected areas, but closer examination revealed these bDC often projected cellular processes directly into infected tissue. Conversely, EYFP neg Iba1 + MG, although morphologically activated, did not redistribute in response to the acute viral infection. These findings substantiate our hypothesis that EYFP + bDC occupy vulnerable CNS access points (in this case they exist within tissue that have olfactory nerve projections from the nasal epithelium) to act as first responders capable of orchestrating immunological responses. The nature of those immune responses was the focus of our further investigation.
Phenotypic characterization demonstrated that VSV-induced EYFP + cells resolved into three distinct populations based on CD45 and CD11b expression not observed in the steady state. One of these populations, described as a radio-resistant resident CD45 int CD11b hi (P1) population, was similar in phenotype to MG (34, 35) , except that it contains a CD103 + subpopulation, a phenotype resembling migratory DC (10, 11) . P1, however, differed from migratory DC cell types based on surface MHC II and costimulatory molecule expression. Furthermore, this population failed to incorporate EdU during an acute VSV infection, all of which strongly suggests P1 may differentiate from the CD103 neg CD11c low MG population found within the VSV-infected OB. P1 and MG populations were also functionally distinguishable from one another. Unlike MG, P1 cells were able to weakly facilitate CD8α + OT-I T-cell receptor-restricted T lymphocyte proliferation. Given these observations, it would be interesting to assess the phenotypic and functional characteristics of P1 during later stages of the infection (e.g., between 6 and 8 d postinfection). Such an analysis might reveal either a reversion to an inactivated microglial phenotype, or provide evidence for this population's further differentiation. Given that we have not identified an immunogenic role for P1 and that it represents the largest population At 96 hpi, blood and OB were analyzed by flow cytometry using antibodies able to discriminate between CD45.1 and CD45.2 variants. In both scenarios a CD45
int CD11b hi population (containing P1) was identified as brain resident and radio-resistant, and a CD45
hi CD11b hi population (containing P2) was consistently derived from donor progenitor cells from the periphery. The P3 (CD45 hi CD11b int ) population was conspicuously absent from each chimera set, however, as control (C) CD11c/eyfp mice infected with the same batch of VSV possessed all three populations. These findings were corroborated by (D) EYFP + cell populations. Data are representative of three experiments with n = 5-6 per experiment; error bars represent SEM. *P value vs. T Cell Only < 0.05, ***P value vs. T Cell Only < 0.001.
responding early on during the acute VSV infection, we are currently exploring other functional possibilities for these cells.
The second EYFP + population of radio-sensitive CD45 hi CD11b hi (P2) cells was reminiscent of peripherally infiltrating leukocytes identified during Theiler's murine encephalitis virus infection of rats, and experimental autoimmune encephalomyelitis mouse models (34, 35) . P2 cells differed from the P1 and MG populations in terms of MHC II and costimulatory molecule expression. P2 cells were also found to contain CD103 + CD11c + F4/ 80 + Gr-1 + and Ly-6C hi subpopulations, a phenotype similar to mucosal DC (10) , and were found to be functionally active in most T-cell proliferation assays. The P2 bDC were also able to promote a T H 1 bias in proliferating CD4 + T lymphocytes. Taken as a whole, these observations have led us to formulate the hypothesis that P2 derive from a population of mucosal DC (10), which infiltrates the OB of VSV intranasally infected mice, perhaps from the nasal epithelium.
The third EYFP + population observed was classified by a CD45
hi CD11b int (P3) phenotype. We believe P3 cells represent a unique population of DC yet to be described in CNS viral infection models. This population was the least abundant of the EYFP + cells, but had costimulatory molecule expression on par with splenic cDC and P2 bDC, was able to process antigen and promote T-cell proliferation (often more robustly than splenic cDC controls), and induced a T H 1 bias in proliferating CD4 + T lymphocytes. The P3 population, however, was different from the other two EYFP + populations in that, although it possessed both MHC II + and Ly-6C hi populations, it was also mostly negative for CD103, CD115, F4/80, and Gr-1. These phenotypes draw similarities to inflammatory monocytes (41, 42) , which have the ability to form monocyte derived DC populations. Taken as a whole, the exact DC-subset and source of P3 remains uncertain, as our efforts to identify the origin and source of the P3 population were confounded by those cells being completely absent from VSV-infected irradiation chimeras. We suspect this might be because of P3 representing a radiosensitive population, the source of which is some other organ (e.g., spleen or liver) that is not immediately replenished by bone marrow. However, an alternate hypothesis is that the absence of P3 is because of a lingering proinflammatory condition caused by the lethal irradiation (43) .
In conclusion, we identified immune cells acting as sentinels at vulnerable points of the CNS. These cells have the capacity to orchestrate adaptive immune responses in the face of a viral pathogen and demonstrate characteristics of DC. Furthermore, our data provide insight by building upon our previous observations of CD11c + cells with a dendritic morphology to show a heterogeneous group of immune cells with complex immunological functions. Our hope is that further dissection of the interaction between bDC and disease, resulting from viral stimuli or in other present day models of neurodegenerative diseases, may ultimately lead to the identification of therapeutic targets for ameliorating neuro-inflammatory diseases.
Materials and Methods
Viral Infection Model. VSV, Indiana Serotype (ATCC VR-158) and rVSV-OVA (36) were isolated from infected BHK (ATCC CCL-10) supernatants and purified on a 5-40% sucrose gradient. Endotoxin levels were determined using a ToxinSensor Chromogenic LAL Endotoxin Assay Kit (GenScript). See SI Materials and Methods for intranasal administration procedure.
Flow Cytometry and FACS. After 96 hpi, mice were rapidly decapitated, brains extracted, and placed in ice-cold HBSS. OB were subsequently removed and single cell suspensions obtained by digesting with collagenase D (Roche), dispase II (Roche), and DNase I (Invitrogen) in conjunction with repeated trituration using a GentleMACS Dissociator (Miltenyi Biotec) and serological pipetting. See SI Materials and Methods for antibodies, flow cytometry staining procedure, and spleen DC isolation.
Antigen Presentation Assays. Because of the limited number of viable bDC collected per OB, DC to T-cell ratios were titered, alongside antigen concentrations and T-cell plating number, to maximize both proliferation sensitivity and sample replicates within each experiment. See SI Materials and Methods for details about the antigen presentation assay.
See SI Materials and Methods for additional details on the mouse models, antibodies, immunofluorescence, radiation chimeras, EdU incorporation assays, and the statistics used in this article.
